A specific marine biological data management tool, the Black Sea Mnemiopsis leidyi database system was created within the European Commission 6th framework Black Sea SCENE project for the Black Sea region and is now being supported by the Permanent Secretariat of the Black Sea Commission. The core team of scientists studying M. leidyi in the Black Sea was brought together and all their available M. leidyi data and metadata were loaded into the common database. This works on the Internet and has a simple user interface. It gives Black Sea scientists the option to load all their corresponding data on the database and to use it as an effective tool to work both with M. leidyi and, in future, with other gelatinous organisms' data, including another invasive ctenophore Beroe ovata. All loaded metadata and historical data are available to the entire scientific community. More recent data are available to the team members and with some restrictions -to other scientists.
Introduction
Mnemiopsis leidyi Agassiz, 1865 was first found in the Black Sea in the early 1980s, spread around the whole Black Sea by 1988 and reached a dramatic abundance within a decade. It is a hermaphrodite, capable of self-fertilizing, with a high reproduction rate, preadapted to rapid colonization of new areas (Kremer 1994) . This sudden outburst was recognized as one of the main ecological problems for the Black Sea ecosystem (Kideys 2002) . After the M. leidyi invasion, a cascading effect occurred to higher trophic levels, from a decreasing zooplankton stock upwards to collapsing planktivorous fish and dolphins (bottom-up) . Similar effects occurred at lower trophic levels: from a decrease in zooplankton stock to an increase in phytoplankton, relaxed from zooplankton grazing pressure (top-down) and from increasing bacterioplankton to increasing zooflagellata and ciliates. Economical losses in all invaded Kamburska et al. 2006 ). countries comprised millions US dollars (Shiganova et al. 2004 ). Ten years later another warm water ctenophore Beroe ovata sensu Mayer 1912 -a predator on M. leidyi -was introduced with ballast waters from the same area (Eastern coastal area of North America) and established. As a result, the M. leidyi population decreased and the ecosystem began to recover its trophic web at all levels (Shiganova et al. 2001; 2004) . M. leidyi spread from the Black Sea to the Sea of Marmara, the Aegean Sea with the Black Sea currents and in some areas of Mediterranean with ballast waters (Shiganova et al. 2001 ). Subsequently M. leidyi has been reported along the French coast of the Mediterranean and the northern Adriatic Sea (Shiganova and Malej 2009) ; in the southern Levantine Sea (Galil et al. 2009 ) and in the Western Mediterranean in 2009 (Boero et al. 2009; Fuentes et al. 2009 ). Interbasin spread to the Caspian Sea occurred in the late 1990s, reportedly due to release of ballast water from the Black and Azov sea basin (Ivanov et al. 2000) . In 2006 it was first found in the Baltic and North Seas (Faasse and Bayha 2006; Javidpour et al. 2006 Javidpour et al. , 2009 Boersma et al. 2007) .
A number of the Black Sea researchers studied M. leidyi and analyzed its distribution, temporal and spatial variability (Shiganova et al., 2001; 2004; Mutlu et al. 1994; Kamburska et al. 2006 ). An example of the dataset used in a paper (Kamburska et al. 2006) analyzing M. leidyi variability in the Black Sea is presented at Figure  1 . This figure shows how small amount of data was available for researches this time.
Unfortunately, no basin-wide historical database of the Black Sea M. leidyi was created to analyze, in detail, the spatial distribution and temporal variability of this important species in contrast to the physical and chemical variables for which several comprehensive databases were created for the Black Sea. These include, for example, MEDAR/MEDATLAS project database (Medar/Medatlas II 2002) available on CD-ROMs, and the NATO SfP Black Sea ODBMS project database available on-line (Black Sea Database 2003) which was supported by the Institute of Marine Sciences of the Middle East Technical University, Turkey (IMS-METU). A similar approach could not be achieved for the biological data. For M. leidyi only a rather small numbers of datasets could be found within the NATO SfP Black Sea ODBMS project database, which do not provide the option to analyze in detail the spatial distribution and temporal variability of M. leidyi that became for decades the main driver of changes in ecosystem functioning.
Mnemiopsis leidyi Database creation
Due to this reason, a prototype of the Black Sea M. leidyi Database (MLDB) was created in 2008 to load all available metadata and data. The difference between data and metadata is that the latter contain only full information on measurements including date, time, depth, etc. without including the data. MLDB was developed within the EC 6th Framework Programme Black Sea SCENE Project by the Institute of Biology of the Southern Seas, Ukraine (IBSS) and the IMS-METU. This provides Black Sea scientists with a possibility to upload all their corresponding data and to use it as an effective tool to work with M. leidyi data. The first version of the MLDB included all M. leidyi data freely available at that moment. Mostly the data originated from the NATO TU-Black Sea project database (6 data sets from IMS METU and 3 data sets from IO RAS, overall 735 sampling stations for [1989] [1990] [1991] [1992] [1993] [1994] [1995] . A test data set from IBSS (1 data set, 5 stations for 2005) was also included.
In December 2008, the workshop on the Black Sea M. leidyi Database was organized with the participation of experts and the main regional M. leidyi data holders under the umbrella of the Permanent Secretariat of the Commission on the Protection of the Black Sea Against Pollution (BSC-PS) in Istanbul, Turkey (Mnemiopsis leidyi Database 2008). The meeting took the decision "To create the comprehensive user friendly web based regional Black Sea Mnemiopsis leidyi and show data and metadata from the database by different search criteria; -export selected data or metadata in a file in the agreed comma separated values format (CSV); -enable the system administrator to load new datasets into the database and/or edit existing datasets in case the updated/ changed data are provided by the data provider. The MLDB can be formally subdivided in two main parts: the web interface and the database itself. For the web interface implementation the ASP.Net framework was used along with the MS SQL Express/Server 2005 as relational database management system at the backend. To meet the second requirement (GIS features) the Minnesota MapServer was used (MapServer 2010). Example of the MLDB screenshot available online (http://81.8.63.74/MLDB/dataporviders. aspx) that shows the main MLDB user possibilities to select the necessary data and metadata is shown at the Figure 2 .
Within the database, the data are organized into datasets (e.g. research cruises or time series) which contain station(s) with coordinates and the station(s) contain metadata and data of the individual sample(s). Metadata for the samples includes a description of the sampling method, the dimension of the water layer sampled, the type of the net, its mesh size, etc. Datasets can be grouped according to the data providers who supplied the data.
Test version of the MLDB web site was published in October 2008. The MLDB home page (Mnemiopsis leidyi Database 2008) also contains reference information on M. leidyi and links to other relevant information. Metadata are available via two menu topics: "Data Providers" and "Datasets". On the "Data providers" page, users may see a list of the providers who have submitted at least one dataset. Upon selecting a provider the user can see the list of submitted datasets and a map of all stations of this provider.
More details on the datasets can be found on the "Datasets" web page. A complete list of all available datasets is presented at this page along with the detailed description (project, responsible persons, abstract, contact details, etc.) for selected dataset. Selecting a particular dataset the user can view the list of all its stations, which are also plotted on the map. User can select the particular station in the list and highlight its position on the map.
The search page enables a user to specify a search criteria (values range, coordinates, units, parameters, data set) and to fetch the desired set of values or get all available values of abundance and/or biomass of M. leidyi. The search results are being presented in a table and the user can save them as a file in CSV format. These data can be used for statistical analyses, mapping, etc. with the help of user selected applications.
The management of the database itself is being done by the database administrator via a desktop interface, which is implemented as a stand-alone MS Access application. The administrator has the following rights: -to add and edit data on data providers, datasets, stations, samples and data themselves into the database; -to edit vocabularies like net types, size groups, etc.; -to import data into the database from a CSV file; -to register new users; -to support users in any complicated queries to select the necessary data and metadata. Data deletions can only be made by the database administrator in a manual mode. This is done to prevent the database from accidental deletion of data. The database administrator can also: -to define the schedule database backup procedures to protect the system from data loss due to technical failures; -to add and edit data on data providers, datasets, stations, samples and data themselves into the database; -to edit vocabularies like net types, size groups, etc.; -to import data into the database from a CSV file; -to register new users; -to support users in any complicated queries to select the necessary data and metadata.
MLDB data usage policy
A data policy for the MLDB usage was agreed during the first MLDB workshop containing the following main provisions: -all metadata for any year will be freely available for any user through the M. leidyi Database web site; -each data contributor will provide M. leidyi data older than 5 years (based on the sampling date) for inclusion into the MLDB. Unless otherwise stated by the data contributor, the data older than 15 years will be freely accessible at the MLDB web site, whereas data from the previous 5 to 15 years will be accessible only to all registered users. However the data usage requires permission from the corresponding data contributor; -data contributors are encouraged to provide their data to MLDB with no access restriction applied. This issue is being discussed and underlined at each annual MLDB meeting. All submitted data will be included in MLDB within two months after the submission. During the Second MLDB workshop held in September 2009 in Istanbul, Turkey, the MLDB data policy was partly updated: it was decided to decrease the restricted period from 15 years to 10 years to make the MLDB easier accessible for users.
Further data submissions should be organized on an annual basis: all new metadata and data older than 5 years will be submitted to the MLDB during the first two months of a year and will be included in the database within two months after the submission.
Unfortunately, work on the data and metadata collection and the associated quality check was going slowly than it was envisaged, mostly due to the volunteer character of this work. Only the development of the first version of the MLDB and the MLDB meetings were partly funded. Therefore the first version of the regional MLDB was ready only in July 2010.
The MLDB data policy was once more changed at the third MLDB workshop held in October 2010. Now all data older than 5 years should be transferred to the MLDB and can be freely used by MLDB users. A proposed data citation system is given on the MLDB web site (topic "Terms of use" of the main menu).
Statistics of the data loaded into the MLDB
The recently loaded database covers a period from 1989 until 2009 inclusive and by our estimation includes about 75% of all available M. leidyi data ever collected within the Black Sea. Unfortunately, we did not manage yet to find the earliest data, i.e. before 1989, however we still hope that they will be found. The general statistics of the MLDB is shown in the Table 1 . Data and metadata were provided by 13 data providers (Appendix 1). Statistics of metadata and data supplied by the data providers are presented in the same table. At the moment 69 data sets have been provided. The datasets are the arbitrary units, they contain up to several hundred stations and are kept in the database to easily connect the data with the data providers. In total, the data collected in the MLDB contain 2359 stations, 3769 samples and 2825 data values. There is a difference between the number of samples and the number of data values because, according to the agreed MLDB data policy, only metadata for the most resent 5 years should be provided. The positions of all stations from where data and metadata were loaded into the database by June 2010 are shown in Figure 3 , clearly indicating that the spatial data coverage is very good, especially along the coastal areas. Figure 4 shows the temporal interannual distribution of data. The data of M. leidyi measurements available in MLDB covers the period 1989 -2009. The maximum data (more than 250 samples) were collected in 1992, 1996, and 2008. The minimum data (less than 125 samples) were collected in 1989, 1990, 1998, and 1999 . The full data collection for 2009 has not yet been completed. Unfortunately data for surveys from the beginning of the M. leidyi appearance in the Black Sea are not available (Vinogradov et al. 1989; Vinogradov et al. 1992) . The monthly distribution of collected data is shown in Figure 5 . The chart is indicative of normal Black Sea research activity with a minimum during the winter season and a maximum during the spring -autumn period. The main reason for this is the heavy storms that are often a feature of the winter season in the Black Sea.
Results and recommendations
A draft version of the comprehensive Mnemiopsis leidyi database that contains all available data and metadata on M. leidyi for the Black Sea has been created. The collected data are being quality checked, analyzed for the compatibility by the regional experts, and can be used to analyze changes on various spatial and temporal scales starting from the time of its introduction into the Black Sea until recently. The continuing maintenance and extension of the MLDB is a commendable example of how the product created within a scientific project can be sustained after the project's lifetime with voluntary support of the regional scientific community and cooperation with international organization. It is also planned to share the collected data with SeaDataNet/BlackSea SCENE, EurOBIS/EMODNET international databases. One of the next steps for this work should include the collection, quality checks, and loading to the database of available datasets on all other Black Sea gelatinous species such as Aurelia aurita (Linnaeus, 1758), Rhizostoma pulmo (Macri, 1778), Pleurobrachia pileus (O. F. Müller, 1776), etc. The collected data should then be scientifically analyzed so that recommendations for the improvements of the measurements network and adaptation of the monitoring plans can be produced.
